Liver transplantation has become a highly standardized, acceptable option for selected patients with end-stage liver disease and/or hepatocellular carcinoma in the setting of cirrhosis. Both conditions are associated with loss of skeletal muscle mass (sarcopenia) and physical deconditioning. Both conditions result in a dramatic decrease in the patients' quality of life, negatively impacting on the pre-and posttransplant prognosis. In this context, awareness of the advantages of physical activity in both the pre-and post-transplant setting is key. However, the importance of regular, individualized and patient-adapted physical activity is still understudied and underestimated. This article describes a three-sided perspective on the importance of physical activity in the setting of liver transplantation, including a patient's, transplant surgeon's and hepatologist's point of view.
INTRODUCTION
Liver transplantation (OLT) has become a highly standardized, acceptable option for selected patients with severe complications of liver disease. Reduction in skeletal muscle mass (sarcopenia) and function (physical deconditioning) are highly prevalent in patients on the waiting list for liver transplantation. They result in a dramatic decrease in the patients' quality of life, also negatively impacting the pre-and posttransplant prognosis. Awareness of the benefits of physical activity in both the pre-(pre-conditioning) and post-transplant setting is increasing among the medical community. However, the importance of regular, individualized and patient-adapted physical activity is still understudied and underestimated, and it is certainly not yet fully perceived as part of the therapy by most of the patients. In this article, we discuss the importance of physical activity in the setting of liver transplantation by presenting a three-sided perspective including a patient's, transplant surgeon's and hepatologist's point of view.
PATIENT'S EXPERIENCE
After having learned from my transplant surgeon on October 14th, 2013, that my liver transplantation had been successful, I could not have been a happier person. On the other hand, I was lying on the intensive care unit on strong drugs and in a lot of pain, wondering how I would ever be able to sit up or even get out of bed again.
Since I was a child, I have enjoyed a variety of sports from figure skating to tap dancing and now golf. Having lived through various difficult health issues (complications of portal hypertension due to portal vein thrombosis since I was 13 years old and liver adenomatosis with acute bleeding due to rupture at the age of 42, eventually leading to liver transplantation; placenta percreta at the age of 32), I have had to get up again and again after having being knocked back numerous times. I therefore strongly believe and have experienced that keeping active and fit helps people get through illness and surgery more easily and successfully.
My first sports achievement after my liver transplant in 2013 was my daily staircase climb in the hospital, which was important to get me strong enough to go home. I felt awful and it was hard work, but I tried to make small improvements from 1 day to the next.
After returning home 10 days post-transplant, reality kicked in. I still had a long way to go to feel strong enough to lead an active family life. The first weeks and months at home were tough because of the postoperative pain as well as pain in numerous other muscles throughout the body and side effects from various medications. Looking back, I now realize that I definitely would have benefitted from early professional support on how to improve my physical activity and how to go about these first steps.
As an active working mother with three teenagers, it is important that I contribute as much as possible towards counteracting the possible side effects of immunosuppression (e.g. diabetes, high blood pressure, overweight, de novo tumors, etc.) [1] . Regular physical activity is one of the best ways to help avoid these chronic diseases while at the same time improving physical and mental wellbeing and achieving a good quality of life [2] . According to the current state of research, specialists agree that regular exercise plays an extremely important role before and after organ transplantation in order to have a good quality of life with minimal restrictions and few chronic diseases [3] . Currently, many European liver transplant clinics inform their liver patients about the importance and need for regular physical activity. However, in most cases a brief verbal encouragement or written information in a booklet is not enough to achieve a lasting effect in these patients. How they can be motivated to carry out regular physical activity with a lasting effect is still under-researched, and there are currently not enough scientifically substantiated foundations with matching long-term controls on this topic.
I wanted to know more about this and wanted to engage in the change needed to improve the current situation. Two years posttransplant, I started my EMBA (Executive Master in Business Administration) training in health care economics and management and decided to devote part of it to the topic of physical activity of liver transplant patients.
I carried out a qualitative study including interviews with transplant experts in order to provide qualitative results and recommendations for the education and monitoring of physical activity of liver transplant patients. As a first step, the study included a comprehensive literature search and a search for best practice inputs from other transplant clinics. In a next step, the topics and questions for the expert interviews were validated by numerous Swiss and international transplant specialists using an online tool. The results of the study provided valuable input regarding open issues, e.g., at what time, with which content, by which specialists and with what kind of tools liver patients should be instructed before and after a liver transplant for physical activity. In addition, which barriers need to be considered and how the physical activity and its effect on the patients can be controlled and measured were shown. This led to the design of a pilot project ( Fig. 1) that is now entering a more detailed planning phase and hopefully will be implemented soon at our hospital, where I too was transplanted.
In parallel, I started exercising on a regular basis and began participating in the Transplant Games (Fig. 2) . To take part in the World and European Transplant Games was an important goal after my liver transplantation and helped me get physically active and fit again. Not only are the Transplant Games a great motivation to keep up regular physical activity but also a great opportunity to meet and talk to other inspiring transplant patients who have been through similar experiences [4] .
SURGEON'S EXPERIENCE
While most surgical techniques are becoming increasingly minimally invasive and less traumatic than they were a few decades ago, orthotopic liver transplantation (OLT) still remains a major abdominal intervention, carrying with it all the problems associated with such extensive surgery. There is evidence that patients requiring elective intracavity surgery profit from so-called prehabilitation with increased preoperative fitness levels [5] . The link to the reduction in postoperative morbidity and mortality however remains weak. Nevertheless, a more recent randomized, blinded, controlled trial evaluating the effects of individualized prehabilitation in high-risk patients undergoing elective major abdominal surgery showed a 50% reduction in the number of patients suffering from postoperative complications as well as a significant reduction in the overall rate of postoperative complications [6] .
With increasing numbers of patients on the liver transplant waiting lists and a worldwide shortage of donor organs, in many countries patients wait long before receiving a new liver (median of about 12 months in Europe) [7] .
In Switzerland, most patients will wait for over 12 months before finally getting a new liver. During this time, many will be in and out of the hospital because of complications associated with end-stage liver disease, resulting in an exacerbation of their general deconditioning.
Fig. 1 Planned program of physical activity pre-and post-liver transplantation at our center
Deconditioning combined with general frailtyas is commonly seen in this patient population-may have a detrimental effect not only in the perioperative setting but also in the long term. Indeed, the effect of preoperative frailty on postoperative outcome is currently being evaluated in many different post-surgical/postinterventional settings, and a recent study by Lai et al. was able to show that even in the setting of a successful OLT, only two out of five patients will eventually achieve robustness 1 year posttransplant [8] . This is all the more worrying when considering the fact that even the seemingly ''better off'' Child A patients primarily receiving an OLT for hepatocellular carcinoma suffer from an equally relevant reduction in general health status in the short and long term compared with the obviously frail patients. This clearly shows the importance of implementing a routine preoperative training program for all the patients on the liver transplant waiting list if complication rates and hospital length of stay are to be reduced in the short term and quality of life and general robustness are to be increased in the long term.
HEPATOLOGIST'S EXPERIENCE
The return to a normal life is the aim of medicine in general and of any organ transplantation. As outlined by my colleague transplant surgeon above, before undergoing OLT, most patients experience severe fatigue, protein-energy malnutrition due to hypercatabolism and consequently sarcopenia and deconditioning (decreased muscle strength, endurance and oxygen uptake) [9] . Importantly, even patients who are obese before OLT suffer from these conditions, presenting with so-called ''sarcopenic obesity'' [10] . Recovery of muscle mass and function after transplantation is favored by the normalization of liver function. However, without specific measures, this takes a long time, during which patients are limited in their daily life. In addition, studies demonstrate that even in the setting of successful transplantation, deconditioning persists long term for not yet fully clarified reasons [11, 12] . Post-transplant, patients may go back to taking on a sedentary life, something which by most may be perceived as ''normal.'' Currently, life expectancy of patients after OLT is excellent, with a 90% 1-year and over 70% 5-year survival. Five-year survival is expected to further improve in the near future, given that effective therapies for hepatitis C virus (representing the main negative prognostic factor after OLT) are now available [7] . Long-term complications after OLT are mostly related to cardiovascular events and cancer. Up to 58% of patients develop cardiovascular risk factors or metabolic syndrome (elevated arterial blood pressure, diabetes, atherogenic dyslipidemia and obesity) [13] , Fig. 2 Mrs. Beekman silver medal in long jump at the 2018 European Transplant Games in Cagliari, Italy which are in part due to the use of immunosuppressant medication such as calcineurin inhibitors and/or mTOR inhibitors [14] . Not surprisingly, and similarly to what is observed in the general population, the presence of obesity and a metabolic syndrome increases the risk of stroke, myocardial infarction as well as chronic renal failure and de novo malignancies in OLT patients [15] . Modifying these risk factors thus favorably impacts the long-term prognosis of patients post-OLT. Importantly, exercise alone proved effective in reducing the onset of metabolic syndrome after OLT in two studies [13, 16] . In addition, physical activity dramatically improves quality of life in this setting, with a strong correlation between level of fitness/physical activity and quality of life [16] [17] [18] [19] [20] . Nonetheless, only one quarter of patients are physically active after transplantation [16] . Large randomized controlled studies in this field are lacking. However, in view of the existing evidence, the European Association for the Study of the Liver (EASL) recommends that physical activity should be proposed as part of the therapeutic regimen after OLT [21] .
DISCUSSION AND NEXT STEPS
Improving physical activity for patients undergoing OLT is a challenge at many different levels. It is a challenge for the medical community since it requires an interdisciplinary team effort implying the integration of new specialists (such as sports medicine specialists) in the existing liver transplantation process as well as intensified communication between medical specialists and family physicians. It is a challenge for the health system as it implies using resources to focus on prevention and the organization of a network between hospitals and private, non-hospital-based facilities. It is, of course, also a challenge for the patients, to whom we need to listen carefully in order to adapt physical activity programs. This might be particularly true for women, who due to marital and parental duties might be disadvantaged in undertaking physical activities, something very relevant in certain cultures. Patients need to be supported and empowered (barriers and motivation) at the same time in order for them to be able to care for their physical activity in the long term. New physical activity programs also need to adhere to sustainability and safety principles, with a continuous evaluation of clinical and quality of life end points. Several questions still need to be clarified by future research: when should patients start their training? Which kind of training is best? What are the best end points to use in trials concerning physical activity in liver transplantation?
Our team in Bern is convinced that all these financial, organizational and cultural challenges are worth embracing and research aimed at answering the above-mentioned questions is essential and worthwhile. Our team is working on setting up a program integrating patientadapted physical activity into the liver transplant program routine. As Lara's example brilliantly shows, physical activity is a powerful tool to help patients prepare for liver transplantation and return back to a normal, healthy and fulfilling life post-transplant.
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